Naturally occurring variation in gene copy number is increasingly recognized as a heritable source of susceptibility to genetically complex diseases. Here we report strong association between FCGR3B copy number and risk of systemic lupus erythematosus (P ¼ 2.7 Â 10 À8 ), microscopic polyangiitis (P ¼ 2.9 Â 10 À4 ) and Wegener's granulomatosis in two independent cohorts from the UK (P ¼ 3 Â 10 À3 ) and France (P ¼ 1.1 Â 10 À4 ). We did not observe this association in the organ-specific Graves' disease or Addison's disease. Our findings suggest that low FCGR3B copy number, and in particular complete FCGR3B deficiency, has a key role in the development of systemic autoimmunity.
Structural variation is now recognized as a rich source of genetic diversity in the human genome, and during the past 3 years thousands of common copy number variants (CNVs) have been described [1] [2] [3] [4] . Although rare CNVs have been established as a cause of mental retardation and single-gene disorders 5, 6 , the role of more common, transmissible CNVs in evolutionary selection and disease susceptibility is largely unknown.
We recently reported an association between low FCGR3B copy number and autoimmune glomerulonephritis in a sample of individuals with systemic lupus erythematosus (SLE) from UK nuclear families 7 . In the present study, the previously reported association (P = 1 Â 10 -3 ) was confirmed and strengthened (P = 1.4 Â 10 -8 , 95% c.i. = 0 to 2.9 Â 10 -5 ; Fig. 1a ) in a larger sample comprising 161 SLE patients with glomerulonephritis from the UK and in 312 independent controls from the UK 1958 birth cohort (Supplementary Methods and Supplementary Table 1 online). Compared with individuals possessing two copies of FCGR3B (the median copy number in the control population), individuals with fewer than two copies had a significantly higher risk of glomerulonephritis (odds ratio (OR) ¼ 2.43, P ¼ 1 Â 10 À3 , Table 1 ).
We estimated gene copy number as described in Supplementary Methods and Supplementary Table 2 online and as previously reported 7 . Additionally, we validated the quantitative PCR assay by semiquantitative PCR ( Supplementary Fig. 1 online) and by array comparative genomic hybridization analysis ( Supplementary Fig. 2 online). Statistical analyses are described in Supplementary Methods.
We then investigated the involvement of CNV at FCGR3B in the development of SLE with no known renal involvement in a set of 375 unrelated cases recruited from the UK (Supplementary Methods and Supplementary Table 1) . We found a new, strong association (P ¼ 1.4 Â 10 À5 ; 95% c.i. = 0 to 2.9 Â 10 À5 ; Fig. 1b and Table 1 ) and an increased risk for development of SLE in individuals with fewer than two copies of FCGR3B (OR ¼ 2.21, P ¼ 3 Â 10 À4 , Table 1 ). When we considered all SLE cases together (n ¼ 536), regardless of renal involvement, the P value of association was 2.7 Â 10 À8 (95% c.i. = 0 to 2.9 Â 10 À5 ). However, we did not observe any significantly higher risk of acquiring glomerulonephritis in individuals with SLE who possessed fewer than two copies of FCGR3B (OR ¼ 1.09; 95% c.i. = 0.73-1.62, P ¼ 0.660).
Given these findings and the key role of Fc receptors in regulation of inflammatory and immune responses [8] [9] [10] , we hypothesized that CNV in FCGR3B may confer susceptibility to a range of autoimmune disorders, with or without glomerular involvement. Therefore, we first studied anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, a systemic autoimmune disorder in which renal disease occurs commonly. Individuals with ANCA-associated vasculitis typically present with one of two clinical syndromes: Wegener's granulomatosis or microscopic polyangiitis (MPA); we considered these two subtypes separately (Supplementary Methods and Supplementary Table 1 ).
In two independent cohorts of individuals with Wegener's granulomatosis from the University of Birmingham and from the Cochin Hospital in Paris, we found association between FCGR3B copy number and susceptibility to Wegener's granulomatosis (Birmingham cohort, P ¼ 3 Â 10 À3 and 95% c.i. = 2.5 Â 10 À3 to 3.1 Â 10 À3 ; Paris cohort, P ¼ 1.1 Â 10 À4 and 95% c.i. = 4.5 Â 10 À5 to 1.7 Â 10 À4 ; Fig. 1c,d) . Similarly, we observed a significant association between FCGR3B copy number and MPA in a separate Birmingham cohort (P ¼ 2.9 Â 10 À4 ; 95% c.i. = 1.8 Â 10 À4 to 3.9 Â 10 À4 ; Fig. 1e) .
We also studied individuals with Graves' disease and isolated autoimmune Addison's disease, as examples of organ-specific autoimmune diseases with no renal involvement (Supplementary Methods and Supplementary Table 1) . We did not see any significant association between FCGR3B copy number and either Graves' disease (in a large cohort that included 429 cases and 190 controls; P ¼ 0.65; 95% c.i. = 0.64-0.65; Fig. 1f ) or Addison's disease (74 cases, 179 controls; P ¼ 0.057; 95% c.i. = 0.056-0.059; Fig. 1g) .
Logistic regression models indicated an increased risk of Wegener's granulomatosis and MPA in UK individuals with a low FCGR3B copy number, with OR ¼ 2.46 (P ¼ 0.015) and OR ¼ 2.56 (P ¼ 0.013), respectively. Individuals in the French Wegener's granulomatosis cohort did not show significantly increased risk with low copy number, although we saw a reduced risk in those with high copy number ( Table 1) . Consistent with the association results, logistic regression models did not show any increased risk in individuals with low FCGR3B copy numbers for either Graves' or Addison's disease ( Table 1) .
The frequency of individuals with zero copies of FCGR3B (indicating complete genomic absence of FCGR3B and total deficiency of FCGR3B protein 11, 12 ) differed markedly between cases and controls. We observed zero copies of FCGR3B in 25 out of 1,279 (2%) individuals with autoimmunity (7 SLE patients with glomerulonephritis, 14 with SLE, A nonparametric Mann-Whitney U test was applied to assess association with gene copy number at FCGR3B. Two-tailed P values for significance were estimated by 100,000 Monte Carlo simulations. n, number of subjects in each group. 
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one with MPA, 1 with Wegener's granulomatosis and 2 with Graves' disease) but in only 1 of 862 controls (0.1%). This suggests that complete FCGR3B deficiency confers a very high risk of autoimmunity, particularly for SLE. Our data show an association between low FCGR3B copy number and risk of development of SLE and ANCA-associated vasculitis, both of which have systemic inflammation as a key feature and commonly involve the glomerulus. In contrast, we did not find any significant association with Graves' or Addison's diseases, both of which are organspecific autoimmune disorders, suggesting a different role for FCGR3B CNV in development of systemic and organ-specific autoimmunity.
FCGR3B is expressed by neutrophils and eosinophils and is important in tethering of neutrophils to immune complexes and in clearance of immune complexes 13 . We hypothesize that in individuals with SLE, reduced clearance of immune complexes predisposes to disease in glomeruli and at other sites. In ANCA-associated vasculitis, in which immune complexes seem not to have a central pathogenic role 14 , our data suggest that reduced or absent expression of FCGR3B may be associated with enhanced neutrophil activation by ANCA.
These findings suggest that low FCGR3B copy number may be a common genomic mechanism in the development of SLE, Wegener's granulomatosis and MPA. The data also support the hypothesis that frequent, heritable CNV in the human genome confers risk to a range of common human diseases. As CNVs have been reported frequently in genes that act in inflammation and immune response pathways 3,4,15 , structural variation in such genes may contribute to the evolution of predisposition to a range of infectious and inflammatory disorders.
All study participants gave written informed consent. Ethics committee approval was obtained for all studies as detailed in the Supplementary Methods.
Note: Supplementary information is available on the Nature Genetics website.
